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Abstract 
This paper presents one of the research goals of Empowering Tunisian Renewable Energy Research Activities (ETRERA). 
ETRERA is a cooperation project between the Research and Technologies Centre of Energy (CRTEn) from Tunisia and 
European partners. European partners are CNR-ITAE and Innovabic from Italy and polytechnic Nantes from France. This paper 
focuses on the design and realization of a fuel cell test station. The test station is used to advance CRTEn's activities in new and 
emerging alternative energy technologies. The fuel cell test station was developed and built in order to evaluate and qualify 
proton exchange membrane fuel cells (PEMFC). A circuit of gas was developed and a rack was designed and built taking in 
consideration several aspects such as pressure drop, condensation phenomena and security. Development of an interface in the 
LABVIEW environment was performed to enable mass flow controller and the solenoid valves control. It also allows PC-based 
data acquisition of fuel cell power, temperature, pressure and others. Preliminary tests have been conducted to confirm the proper 
functioning of the test bench. 
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1. Introduction 
Currently, fuel cell technology plays an important role in the development of alternative energy converters for 
mobile, portable and stationary applications. Fuel cells are electrochemical devices that produce electricity from a 
fuel (usually hydrogen) at high efficiency without combustion. These are considered the future green technology for 
power supply, especially in mobile applications. Nowadays, some fuel cell technologies are close to the large scale 
commercialization, but further intensive experimental work is requested to implement performances and reduce 
costs of fuel cell systems [1, 2, 3]. 
To be effective in this field, a laboratory must have the potential to examine and to visualize different steps of 
preparation of fuel cells. The progress in digital technology and computer-assisted design grant incontestable 
benefits in several fields, especially in measurement and thus, gave rise to a new concept in instrumentation 
technology which is called virtual instrumentation [4], allowing to control many experimental parameters by 
managing simultaneously the acquisition of a big number of data with a single unit [5]. Through this approach, a test 
station for low temperature (40-90°C) fuel cells has been designed and realized. This station allows measurement 
and recording of all relevant data (cell voltages, current, temperatures and gas flow) with a user friendly front desk. 
This allows making statements about the performance of fuel cells [6]. The aim of this work is to present 
ETRERA’s efforts in the construction of a simple and efficient fuel cell test station, its implementation and 
optimization. The test station is running today at CRTEn. 
2. Methods 
Determination of test station requirements and specifications was the first step of this work. The second step was 
the design of piping and instrumentation diagram (Figure 1). This diagram consists of solenoid valves to allow or to 
interrupt gas circulation, mass flow controllers (MFC) to control gas flow, one-way valves for safety reasons, 
humidifiers to control the moisture percentage in air in order to facilitate the chemical reaction, manual valves and 
filters. The test station design has been maintained as simple as possible by minimizing the number of components 
 
Fig. 1. Flow sheet of the test station – Air/oxygen and Hydrogen coming from supply pipelines or cylinders are controlled by two couples of 
MFCs. Nitrogen pipe lines are inserted for safety and allow a purge of the full test station. The reactant gases from MFC could be conditioned 
(heated and humidified) passing through gas humidifiers or used in dry state. Temperature controlled transfer line connected to the FC 
completing the inlet part of the station. At the cell outlet two back pressures are used for controlling the reactant gas pressure inside the cell 
compartments, and excess water is recovered by a condenser and a separator. 
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and avoiding excess of integration with the aims of using materials easy to find in Tunisia and to reduce 
construction costs. 
The different parts of the fuel cell test station are mounted on a metal rack system to facilitate the measurement 
spots. The design of the rack was performed using SolidWorks® software (Figure 2). Dimensions and location of 
different pieces inside this rack (humidifiers, pipelines, electronic components, etc.) are considered in the design in 
order to minimize the size of the rack and to reduce its cost while ensuring the proper functioning of the station and 
an adequate accessibility for technical intervention. The hardware of fuel cell test station has been selected to meet 
at the least the minimum requirements specified in Table 1. 
The two reactant gas lines are equipped with two Mass Flow Controllers (MFC) each, one MFC for low flow and 
one for high flow. This allows a good control of the full flow range reported in table 1. 
 
 
Fig. 2. Design (left hand side) and realization of test station (right hand side). 
 
Table 1: test station requirements and specifications 
Description Specification 
Gas supply: 
Anode gas supply: hydrogen mass flow controller 
 
Cathode gas supply: Air mass flow controller 
 
Nitrogen purge for anode and cathode 
 
Minimum flow range: 0 to 10 L/min 
Accuracy: ± 3% rate 
Minimum flow range: 0 to 20 L/min 
Accuracy: ± 3% rate 




Dew point range: 30°C to 80°C 
Accuracy: 1°C at 1.2 bar 
Dew point: 5°C stability 
Anode: 0,7 L/min H2 flow saturated at (1,2 bar – 80°C) 
Cathode : 2,5 L/min Air flow saturated at (1,2 bar – 80°C) 
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Stack/Cell temperature control system 
Cell endplate heaters with PID heating control 
 
Temperature control range: 30 to 95°C 
System control: ± 2°C 






Cell voltage Monitor 
 
0-60 Amps 
Accuracy: ± 1% of reading 
Lowest voltage: 0.1 V 
Response time: 1s 
Control: constant current and constant voltage 
Accuracy : ± 2 mV or better 
 
A Supervisory Control and Data Acquisition (SCADA) system was developed to control the system. The opening 
and closing of valves are controlled by the computer and the flow set point for the mass flow controller may also be 
issued from the computer using an interface developed with LabVIEW software (Figure 3). All pipelines, valves and 
MFCs are in electro polished stainless steel and don’t use oils as lubricant (this last to avoid PEFC poisoning, and to 
allow also the use of pure oxygen for cathode line). 
A number of safety measures are taken into account. All temperatures in the system are supervised. The test 
bench is turned off automatically at a temperature overrun to avoid an overheating of the system. A gas leak sensor 
is set up to detect leakage of hydrogen. 
 
3. Results and discussion 
Before to starting the test station an evaluation of the humidifier efficiency has been carried out. Bubble  
Fig. 3. Scheme of the control valves and MFCs as it appears on the user interface. Location and number of control valves has been defined 
according to the experience supplied by CNR-ITAE researchers. All pipelines, valves and MFCs are in stainless steel and don’t use oils as 
lubricant (this last to avoid PEFC poisoning, and to allow also the use of pure oxygen for cathode line). 
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humidifiers are able to supply 100% RH humidified gases at low flow range and with and adequate temperature 
difference between inlet and outlet. The efficiency of the bubble humidifier at the selected temperature is a function 
of: flow rate, height of the water column, mean bubble diameter, free volume. Reporting the full calibration of 
humidifiers is out of the scope of the present paper. Just as an example in table 2 are reported the results obtained at 
different temperatures supplying humidifier with dry Nitrogen flowing at 0.3-0.5 normal liter per minute. As can be 
seen for setting temperatures over the 40°C the humidifiers are able to supply gases humidified over 90% RH. A 
complete map of the humidifier response has been carried out (not reported). 
Going ahead in order to test the proper functioning of the test station, preliminary tests were performed with 
commercial fuel cell stack (Surface: 25cm2, catalyst: Platinum-carbon) provided by Nantes Polytechnic group. This 
stack is formed by the association of several single cells in series, and the number of cells could be easily changed. 
Moreover, this stack is able to operate also at room temperature and both with and without humidified gases, 
allowing a complete assessment of the station. The anode plate is formed by a porous material for hydrogen 
diffusion. The cathode is supplied with compressed air. A GORE SELECT thin membrane (thickness: 20 µm, 
surface area: 25 cm2, EW: 1100) [7] was tested at room temperature and 100 % RH. For this kind of cell, we have 
adopted the ‘Hydrogen Blocked Mode’ (H2 outlet is blocked). In this configuration Hydrogen MFC are used only as 
meters, while the air flow is controlled by the MFC. Various measures were then implemented both to test the 
quality of the test station and to acquire experience with the polymer electrolyte fuel cells. 
The characteristics of the stack are determined from the polarization curve and power depending on the current 
density (Figure 4). These tests allow us to determine the electrical characteristics of the cell and resistance of the 
membrane electrode assembly (MEA). 
The voltage curve in dependence of the current density can be divided into two regions: 
(1) For low current density (<20 mA cm-2), the activation polarization loss is dominant. At this point, electronic 
barriers must be overcome prior to current and ion flow. Activation losses increase as current increases. Activation 
polarization is directly related to the rates of electrochemical reactions.  
(2) For higher current densities, the ohmic losses, which are directly proportional to current density, are 
prevailing. At this point, ohmic polarization (loss) varies directly with current, increasing over the entire range of 
current because cell resistance remains essentially constant. The dominant ohmic losses through the electrolyte are 
reduced by decreasing the electrode separation and enhancing the ionic conductivity of the electrolyte. 
The cell resistance can be determined using the relationship between cell voltage and current density described 
by (1) [8]: 
ܧ ൌ ܧ଴ െ ܾ ݈݋݃ ݅ െ ܴ݅  (1) 
where E0 = Er + b log i0 and Er is the reversible potential of the cell, i0 is the exchange current density, b is the 
Tafel slope for oxygen reduction and R represents the resistance which causes a linear variation of E with i. 
For example, by using data reported in [8] we obtain a cell/stack resistance of R = 0.55 Ω cm-2. 
From the electrical power curve in dependence of the current density we may deduce the maximum power, Pmax = 
2.90 W = 0.12 W/cm2 which comparable with results obtained in literature [8, 9]. 
The effect of number of membrane electrode assembly was also studied using the fuel cell test station as 
illustrated in figure 5. 
Table 2: An example of the humidifier calibration sheet (relative humidity vs humidifier setting temperature) at gas flow of 0.3-0.5 L/min.  
T (°C) 20 32 40 50 57 70 
H (%) 64 85 90 92 95 98 
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Fig. 4. Example of Voltage and power vs. current density for single cell configuration. 
 
 
Fig. 5. Effect of MEA number on the polarization curve. 
The same shape of the polarization curve was observed for different MEA numbers. The fuel cell resistance and 
initial voltage of open circuit voltage (OCV) increased with number of fuel cell as described in table 2. 
Table 3: Effect of the number of fuel cells (membrane electrode assembly, MEA). 
Fuel cell number  Initial voltage OCV (V) RatioOCV Resistance (Ω. cm-2) 
1 MEA 0.93 1 0.76 
2 MEA 1.92 2.06 1.53 
3 MEA 2.90 3.11 2.51 
4 MEA 3.86 4.15 2.94 
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4. Conclusions 
The ETRERA cooperation project was successful and fruitful for African and European partners.With this test 
station, quick, reliable and efficient tests and trials are now being conducted in the laboratory CRTEn to analyze and 
improve the cell performances. The involvement of virtual instrumentation provides the possibility to add new 
measurement features. The recorded measurement data can be used in other environments such as MATLAB. 
Parameters were measured by PC based data acquisition system like the fuel cell test bench available at the Otto-
von-Guericke-Universitaet Magdeburg [6, 10]. The operator is thus relieved from the onerous conventional tasks of 
measurements and calculations. 
The assessment of the test station characteristics demonstrate that this test station have characteristics in line with 
the target posed in the design phase. Moreover, due to the in home realization, the personnel at CRTEn gained 
experience in the test station management by the learning by doing approach, it is able not only to manage the test 
station but also to perform technical intervention in case of any trouble granting high useful availability time. This 
last is of great importance to grant continuity and planning reliability in experimental work. 
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